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0 Reinforcing fibres and a method of producing the same. 



® Reinforcing fibres made from polyolefin and polyolefm derivatives, the fibres having a thickness of 10-100 
urn and containing inorganic particles of a size of 1-10 um in an amount of at least 12% by weight, calculated 
on the total fibre weight, the particles being embedded in the polyolefin or polyolefin derivative, substantially 
none of the particles being exposed at fibre surfaces. The inorganic particles are preferably chalk or barium 
sulphate. The fibres are prepared from a fibrillated. stretched, blown or cast film, which may have been 
subjected to a surface treatment such as a corona treatment or application of avivage. The reinforcing fibers are 
useful in composite materials comprising an inorganic binder such as cement and puzzolane 
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REINFORCING FIBRES AND A METHOD OF PRODUCING THE SAME 



The present invention relates to fibre-reinforced composite materials, to reinforcing particle-containing 
poiyolefin fibres, and to methods of preparing the fibres. 

5 FIELD OF THE INVENTION 

For many years, fibres of different types have been employed to reinforce inorganic and organic 
composite materials. One example of a previously widely used type of fibre is the asbestos fibre, the use of 
which, however, has been limited in recent years owing to the health hazards of this fibre. Also, plastic 
fibres of different types have been widely employed. Especially, fibres made from poiyolefin have been 
found useful as they are easy and inexpensive to prepare and confer advantageous reinforcing properties to 
the composite materials in question. 

In some cases, the poiyolefin fibres have been difficult to distribute evenly in the matrix material and 
the fixation of the smooth poiyolefin material In the matrix material has not t>een satisfactory. Several 
researchers have found that incorporation of fine particles in the poiyolefin mass constituting the fibres 
results in fibres which are more easy to disperse and which adhere very well to the matrix material, 
probably because of voids and protuberances and other irregularities in the fibre surface resulting from the 
presence of the particles at the surfaces. Examples of such particle incorporation is given by Ellis in 
European Patent Application No. 0 026 581 and by Firth in European Patent Application No. 0 006 318. 
wherein a particle content of at the most 10% by weight of the total fibre weight is employed^ 



BRIEF DISCLOSURE OF THE PRESENT INVENTION 

25 The present invention relates to poiyolefin fibres in which a high concentration of particles (well in 
excess of 10%, calculated on the total weight of the fibres and the particles) is present, but with 
substantially none of the particles being exposed at fibre surfaces. Due to special properties conferred to 
the fibres hereby, the fibres are easy to disperse in the matrix material and become excellently fixed 
therein. In addiUon, the fibres confer very advantageous properties regarding strength and flexibility to the 

30 matrix materials in which they are present, compared with materials which are reinforced with conventional 
poiyolefin fibres. This is in spite of the fact that the fibres per se do not show any superior properties in 
relation to the conventional poiyolefin fibres regarding strength and bending properties. 



35 DETAILED DISCLOSURE OF THE PRESENT INVENTION 

More specifically, the present invention relates to reinforcing fibres made from poiyolefin or poiyolefin 
derivatives, the fibres having a thickness of 10-100 urn and containing inorganic particles of a size of 1-10 
am In an amount of at least 12% by weight, calculated on the total fibre weight, the particles being 
•so embedded in the poiyolefin or poiyolefin derivatives, substantially none of the particles being exposed at 
fibre surfaces. 

Preferably, the Inorganic particles are incorporated in an amount of at least 15%. such as at least 17% 
by weight of the total fibre weight in the reinforcing fibres. Most preferably, the inorganic' particles are 
Incorporated in an amount of 17%. calculated by weight of the total fibre weight. 
45 The reinforcing fibres may be prepared by a method comprising the following steps: 

- extruding the fibre constituents which are in the form of a plastic mass so as to obtain a film 

- stretching the film to orient the poiyolefin chains of the film substantially unidirectionally. 

- fibrillating the stretched film by a knife and/or pin roller. 

- heat treating the stretched film to relax any tensions of the film, 
so - treating the surface of the film to modify the surface, and 

- optionally cutting the fibrillated film into pieces of a suitable length so as to obtain fibres. 

In greater detail, this method may be performed as follows: 

The fibre components, which will be discussed below, are mixed so as to obtain a homogeneous 
dispersion of the particles in the poiyolefin or polyolefin-derived material, i.e. the plastic component. The 
mixing characteristics, e.g. the vigour and time of mixing, depend on the kind as well as on the amount of 
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particles employed. Conventionally, the higher the arpount of particles, the longer and more vigorous the 
mixing has to be. When the amount of particles exceeds about 20%. calculated by weight of the total 
weight of the fibre components, the particles may be difficult to disperse. If fibres of that high particle 
content are desired, usually very harsh mixing conditions must be employed. 

5 With fibres of a particle content of less than 20% by weight of the total fibre weight, usually no 
problems of obtaining an homogeneous mixing of the fibre components are observed. 

The plastic component, i.e. the polyolefin or polyolefin derivative which normally is solid at tempera- 
tures under 160*. is melted so as to obtain a plastic mass before the extrusion is carried out. The melting 
may be performed In any suitable equipment, conveniently in the extruder which is used for the subsequent 

10 extrusion. Conveniently, the mixing of the fibre components is carried out in the extruder simultaneously 
with the melting of the plastic component. A homogeneous distribution of the particles is normally obtained 
within the time required to totally melt the plastic component. Depending on the type and amount of the 
plastic component as well as on the equipment used, the time of melting (and mixing) may be less than 10 
minutes, and in most cases about 5 minutes. Obviously, the mixing temperature will depend on the melting 

15 point of the plastic component in question. The particles may also be added to the plastic component 
during the melting of this component. 

After a plastic mass has been obtainec^ from the fibre constituents, the mass is extruded through a die 
of a dimension which Is suited to the desired film dimension so as to obtain a film which is subsequently 
cooled. 

20 By the cooling, the polymeric material crystallizes, and the crystallization pattern is dependent on the 
type of cooling employed as well as on the polyolefin or polyolefin-derived material employed. Typically, 
the crystallized material comprises amorphous and crystalline structures which are mixed among each 
other. The ratio between the volume of the crystalline and the amorphous areas Is conventionally 
designated the degree of crystallization. 

25 The extrusion may be performed so as to obtain a blown film. By this procedure; the plastic mass is 

extruded through a circular ring, resulting in an air-filled bag of the fibre material. The bag is cooled by 
passage through a second ring, a cooling ring, after which it is passed through rollers, resulting in the 
formation of a two-layered film. By this procedure, the rate of cooling is relatively low, resulting In a 
relatively large degree of crystallization of the plastic component. Also, relatively large crystals are formed. 

30 However, the extrusion may also result in a cast film, where the plastic mass is extruded through a flat 
die whereby a one-layered film is obtained. This is cooled either in a water bath or by passage through one 
or more pairs of cold rollers. The temperatures of the water bath and the cold rollers, respectively, are 
suitably about ambient temperature. The water bath is especially useful as a cooling agent for rather thick 
films, as this type of cooling is faster and more homogeneous than the cooling through rollers. 

35 The extruded film is then subjected to stretching. This is done in order to orient the polyolefin chains of 
the polyolefin or the polyolefin-derived material substantially unidirectionally so as to obtain a high tensile 
strength and an increased modulus of elasticity in the direction of the fibres. Also the fibrillation which 
follows after the stretching is made easier by the stretching. 

The method employed for stretching the film is not critical, and any method and equipment may be 

40 used. Conveniently, the film is stretched In an airheated oven or in a liquid medium such as water or an oil. 
The temperature of the oven will depend on the type of film to be stretched, but will in most cases be about 
1 30-200 'C, such as about 165*0. The film may be passed through the oven or the liquid medium by 
means of two pairs of rollers which are situated before (the first pair of rollers) and after (the second pair of 
rollers) the oven or the liquid medium, respectively. The speed of the second pair of rollers. Is higher than 

45 the speed of the first pair of rollers, resulting In a stretching of the film between the two pairs of rollers. 

The Initial part of the stretching results in a necking of the film so that microfibrils are formed in the film, 
r/licroflbrils are defined as being constituted by crystal blocks in the longitudinal direction of the film which 
are surrounded by an amorphous area. Normally, the microfibrils are gathered In bundles which are termed 
fibrils. The microfibrils and the fibrils are oriented parallelly to each other in the direction of stretching. 

50 Following the initial necking, the film Is further deformed by the stretching so that the microfibrils are 
displaced and moved further apart from each other. 

The relation between the speeds of the two pairs of rollers defines the stretch ratio, i.e. the extent of 
stretching. Preferably, the film is stretched in a ratio of at least 1:6, such as at least 1:10. and particularly in 
a ratio of at least 1:15. f^ost preferably, the film is stretched in a ratio of 1:17. This latter stretch ratio may 

55 be obtained e.g. by letting the film pass the first pair of rollers at a speed of 5 m/min. and the second pair 
of rollers at a speed of 85 m/min. 

The stretching may cause tensions in the film to develop. These may be relaxed by subjecting the 
stretched film to heating. Conveniently, this is done by passing the film through an oven in which the film Is 
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allowed to shrink. It is important that this heat-setting or relaxation takes place at a temperature lower than 
the temperature of the stretching. As regards polypropylene, which is one of the preferred polyolefin 
components of the fibres of the invention, this heat-setting takes place at about 130* C. After this treatment, 
the residual shrinking will be very modest (3-5»/'<.) at temperatures below 130* C. 
s The fibrillation or the splitting in the longituc(inal direction of the stretched film as it may also be defined 
IS earned out on a knife andor pin roller with a faster peripheral speed than the speed with which the film is 
earned along. The pin roller is a cylinder equipped with sticks in the direction of the movement of the film 
which are provided with closely spaced pins. The fibrillation results in a net-like structure of the film with 
small fibrils. 

10 As the polyolefin or the polyolefin-derived material is resistant and thus inactive towards most 
chemicals, it may be necessary to modify the surface of the fibrillated film so as to obtain a satisfactory 
interaction of the fibres and the matrix material which they are to reinforce. The surface of the fibrillated film 
may be modified by heat treatment, and.'or subjected to chemical modification, electrical modification 
and/or mechanical modification. 
»5 One type of heat treatment which has been found to be very effective is passage through a gas flame 
This breaks some molecular bonds and gives a possibility of creating polar groups on the surface 

The chemical treatment may take place in various ways. e.g. by copolymerizatlon. compounding of 
powder, or by applying a liquid on the surface. The chemical employed is selected according to the 
properties desired on the surface. e.g. good fixation of fibres to cement. Especially chemical treatments 
compnsing introduction of 0H-. COOH-and/or anhydride groups In the polyolefin component have been 
found to be advantageous. Examples of chemicals which are suitable for introduction of these groups are 
respectively, vinyl alcohol, acrylic acid, and maleic acid anhydrid. 

An example of an electrical treatment which has been found to confer very desirable properties to the 
film and which is widely used in the plastic fibre production throughout the wortd. is the corona treatment 
This treatment is a vigorous electrical discharge from a special electrode down to the surface of the film A 

to penetrate the surface. When the electrons hit the polymer chains at a high speed, many of these chains 
will be broken, thus giving a possibility of forming carbonyl groups by means of the ozone (O3) in the air. 

30 ISh oZr TJll ^'""^ ""^^^ '^"^ ^""^^^ °' "'^ P°'^^ '""^^ '""able for reaction 

30 With other chemical substances. 

rh^^rTH^t treatrnent may comprise sandblasting and may. e.g.. be carried out in a sandblasting 

t^^nZ,TT i T'^ ' hereinafter. However, many other useful mechanical treatments exist 

li^n '° ^ °' °' fi"" longitudinal direction. 

as meanlTr^Hi,' ' "In ^'S* " '^'^ ^''«^P'« « very effective 

35 means of modifying the surface. 

ut.nuJTn ".""^^ advantageous to alter or modify the surface properties of the fibres and.'or the 

Ide tdroThir! h'h° '""'^ 'P^""'^ ■^'^^ film may be 

quesfion The^l^^^^^^ °' """'^ ^'^P^"^ -^'^x material in 

TTTJ H compnses treating the fibres and;or the fibrillated film with a surfactant 

r-hvdrLhHr,?H • ^ "hydrophillic avivage" (also termed "hydrophyllic rewetting agenr 

or hyd ophillic lubricant-) or an anti-static agent. The surfactant to be used Is of a type which will satisfy 
the quaWative demands of the fibre surface in question. For instance, when the f7bre surface is, o be 
hydrophilic surfactants such as AMOA P 231. Amoa Chemicals. Hinchley. Leicestersh re Eng"nd CUhral 
be emni Humberside. England, or SW-T. Nissin Kag'aku Kenlyosho Lfd^^ Ja^n^t 

be employed. The surfactant is normally employed in the last stage of the fibre preparation process Te 
pnor to cutting. It is typically used in an amount of about 0.15-3% by weight of the (ibrU a ed fJm r^ateriaT 

the fibre surface are given in the Examples which follow. jreaiment ot 

tr«a,m«n,?H*"^'^'^ film material which has been subjected to one or more of the modifications or surface 
InJih oTfnf rK ''''T " '"^'^^'^ '° ^=""'"9 « t° obtain fibres of a suitable length. P?eferabry ,Se 
tength of the f bres is at the most 15 mm. more preferably at the most 12 mm. and especially at the rnost 6 

S The fibrTsTihT IT" '° ^^"^''^^^^^ '-9tSs fo subst^tiX aS 

of the fibres in the mixture. However, a small amount of fibres may be of a length which exceeds hlse 
maxirnum lengths and still be considered to be within the scope of the present invention 
more o're^eraWv''6r3iTr? H '^^a'-nents discussed above are preferably of a width of 20-700 um. ' 
ni LLhZ\ f2 J ^"'^ especially about 250 um. Fibres which form a network wherein the lenoth 

u efu, Tstt™%'^^^^^^ ''Ik ''"^'^ °' •'^^ '•^^ been TspiSJ 

useful. This IS the ease. e.g. when the film is to be cut into chopped fibres, where i, will be advantageous 
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that the slit length is larger than the fibre length, so as to avoid interconnection between the individual 
fibres. 

It is believed that the advantageous effect of employing particle-containing fibres in composite materials 
is obtained by the establishment of a capillary action between the matrix material and the fibres. By 
microscopic studies it has been observed that fine pores are present in the film when the film has been 
subjected to stretching. It is believed that these pores constitute a connection between the particles of the 
fibres and the matrix material in which the fibres are embedded. As the particles are conveniently of a 
hydrophilic type, they may absorb water, usually In the form of moisture, from the matrix material and 
thereby some sort of binding and/or advantageous fixation is established. 

Substantially all of the particles are totally embedded in the polyolefin or polyolefm-derived material so 
that the surface of the fibres appears smooth, having no bulges or other Irregularities owing to the presence 
of the particles. It appears from this that the size of the particles must be correlated to the final thickness of 
the fibres so that the largest dimension of the particles, in the case of compactly formed particles the 
diameter, is smaller than the final fibre thickness. Without limiting the scope of the present invention but 
being stated as a rule of thumb, the largest dimension, or the size of the particles, is at the most about one 
third of the final fibre thickness. 

As stated above, the fibres are of a thickness in the range of 10-100 um, and are preferably of a 
thickness in the range of. 20-80um. Most preferably, the fibres are of a thickness of 35 urr\. The inorganic 
particles are of a size In the range of 1-10 um. The lower limit is qualified as particles smaller than 1 um 
are difficult to disperse homogeneously throughout the polyolefin or polyolefin-derived fibre component. The 
higher limit is based on practice and also on the above discussed relations between fibre thickness and 
particle size. Preferably the inorganic particles are of a size In the range of 2-7 um. in particular 3-5 um. 

The inorganic particles are conveniently of a type which do not damage the equipment used for the 
preparation of the fibres. Normally, the die of any extruder used will be sensitive to hard materials, such as 
metals and other correspondingly hard materials, which are passed through the die. Thus, the inorganic 
particles are conveniently selected from rather soft materials (or, expressed In another manner, rnaterials 
which will not damage the extruder die to any substantial extent) which In addition fulfil the desired 
properties discussed above, i.e. the hydrophllicity and the particle size. Examples of suitable inorganic 
particles are chalk, talc, silica, mica, cement, barium sulphate, glass, and a dyeing agent, e.g. TiOa- 
Especially, chalk and barium sulphate have been found useful, presumably owing to their distinct 
hydrophllicity. Also, the considerable density of the barium sulphate as compared with the other useful 
particle types stated (4.5 g/cm^ vs. about 2.2-3.0 g/cm^) is believed to make the mixing of the particles in 
the below discussed polyolefin or the polyolefin derivative easier and more effective. In some cases, it may 
be desirable that the particle-containing fibres are coloured. Many dyeing agents, e.g.Ti02. of the above 
defined particle properties may conveniently be used for this purpose. 

Apart from the inorganic particles, the fibres are constituted by a plastic polymer material, such as 
polyolefin. which is constituted by carbon and hydrogen, or a polyolefin derivative. 

Preferably, the polyolefin is selected from polypropylene and polyethylene. Polypropylene is a well- 
known constituent of plastic fibres and has been used as such for many years owing to its resistance 
towards acids and bases, its advantageous strength properties, its low density, as well Its low price. The 
properties of a typical polypropylene fibre, commonly known as KRENIT®. is illustrated in the Examples 
which follow. 

As it appears from Table 2 of Example 1 below, the addition of inorganic particles to the polypropylene 
fibre constituent often results in fibres of less advantageous properties regarding strength and modulus of 
elasticity than those of the plain polypropylene fibre. However, when the fibres are constituents in a 
composite material comprising an inorganic binder, the opposite effect can be observed. As appears from 
Example 2, Tables 3 and 4 below, the employment of the particle-containing fibres in composite materials 
makes these materials surprisingly strong and flexible as compared to materials wherein plain poly- 
propylene fibres are employed. 

Also, a variety of polyolefin derivatives has proved to be useful as particle-containing fibre constituents. 
Examples of these are vinyl polymers such as polyvinyl alcohol comprised of carbon, hydrogen, and 
oxygen, as well as acrylic acid and organic acid anhydrides, such as maleinic acid anhydride. 

An especially advantageous fibre composition comprises polypropylene in an amount of 83% and chalk 
In an amount of 17%. calculated by weight. 

Another advantageous fibre composition comprises polypropylene in an amount of 86% and barium 
sulphate in an amount of 14%. calculated by weight. 

Depending on the kind of material in which the fibres are to be used as well on the use of the resulting 
material, the fibres may further comprise other additives in order to obtain properties which are suited to the 
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use in question. These additives nnay comprise antioxidants and UV stabilizers which may avoid de- 
composition of the plastic materials of the fibres. Typically, the antioxidants and UV stabilizers are added in 
an amount of 0.5-5% by weight of the total fibre composition, and examples of suitable antioxidants and UV 
stabilizers are Irganox and Chimnasorb. respectively. Also, flame retardants may be employed. These may 
5 be combinations of an aromatic bromo-containing composition and antimony trioxide (SbpOi). for example 
Sandoflam 5071 . Sandoz. Switzerland. 

The particie-containing fibres of the present invention are preferably used as constituents in inorganic 
matrix-based materials or composite materials such as building materials, typically in order to improve the 
physical properties of these materials. The fibres may conveniently be used as substituehts for asbestos 

10 fibres. Typically, the composite materials comprise an inorganic binder which may be cement, e.g. Portland, 
gypsum, puzzolane such as fly ash. silica, woliastonite. and/or bentonite. Additionally, the composite 
material may contain a superplasticizer. e.g. a compound of sulphonated naphthalene. Examples of 
composite materials in which the fibres of the Invention may be employed, are cement-based matrix 
materials such as concrete and mortar. The fibres are typically supplied in an amount of 0.1-10% by weight 

75 of the total composite material, such as about 5% by weight of the total composite material, and a fibre 
content of about 3% by weight of the total composite material has been found especially useful. The 
amount of fibres employed is of course dependent on the type of composite material to be produced. Also, 
the methods of producing the composite materials will vary with the kind of composite material to be 
prepared. Composite materials, in which the particle-containing fibres of the present invention may be 

20 employed, are e.g. such materials disclosed in US 4.626.345 (Gregersen). 

As regards fibre-reinforced cement materials, an amount of polypropylene fibres of about 1.5-3% by 
weight of the total weight of the composite material has been found advantageous. In mortar material, the 
development of cracks has been found to be reduced when plastic fibres have been added to the mortar 
material. Also, the use of plastic fibres results in concretes of higher tensile strength and flexibility. 

25 Fig. 1 illustrates the principle of a four point loading test of fibre reinforced composite materials. The 
plate 1 is placed in a testing machine of any convenient type and subjected to loadings as illustrated. P is 
the magnitude of the total load applied to the plate. 

Fig. 2 is a graphic illustration ot the stress (o)/strain (0 properties of the plates of Example 2 which 
resulted from the four-point loading test illustrated in Fig. 1. From this graph, the modulus of elasticity. 

30 which Is the slope of the first linear part of the graph, and the energy of rupture being the area below the 
graph, are determined. 

The present invention is further illustrated in the following examples. 



35 EXAMPLE 1 



PREPARATION OF FILM FIBRILLATED FIBRES 

40 The preparation of fibres comprised most of the following steps: 

- preparing a polyolefin film by extrusion 

- stretching the polyolefin film 

- fibriilating the stretched film 

- heat setting the stretched, fibrillated film 
45 - treating the surface of the film 

- cutting the film 

The composition and the preparation characteristics of each of the fibre variants prepared are listed in 
Table I which follows below the following description of each of the process steps. 

50 

Preparing the polyolefin film by extrusion 

The polyolefin and particles components of the polyolefin film, optionally in admixture with additives, 
were mixed in an extruder of the type Bandera (0 60 mm, LD=^24) at a temperature of 210* C for 5 min., 
55 and extruded through a circular die of a diameter of 300 mm in the form of a blown film. In this way. an air- 
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filled bag of the film was formed, the blow ratio, i.e. the ratio between the diameter of the bag and the 
diameter of the circular die being 1 .02. The extruded film was cooled by passage through a cooling ring 
which was placed on the top of the die. After the cooling the air-filled film bag was passed through a pair of 
nip rollers at a speed of 5.5 mm/min. so as to drive out the air and produce a double-layered film. 

5 

Stretching the polyolefin film 

From the nip rollers, the film was passed through a second pair of roilers situated below the nip rollers. 
10 The film was then passed through an oven of a temperature of 165* C and a third pair of rollers situated on 
the other side of the oven. The blown film was stretched in the oven as the speed of the third pair of rollers 
was higher than the speed of the second pair of rollers. The actual stretching ratio, i.e. the ratio between the 
speed of the two pairs of rollers, for eac^h of the film variants prepared is stated in Table I. 

75 

Fibrillating the stretched film 

The stretched film was passed over a pin roller having 26 pins/cm stick. The number of pin rows of 
each cm of the roller surface was 0.55. The film to be fibrillated was passed over the pin rollers at a speed 
20 of 230 m/min. 



Heat setting the stretched, fibrillated fiim 

25 The heat setting of the film was performed by passing the film through an oven heated with air of a 
temperature of 130* C. The film was moved at a speed of 92 m/min. 

During the treatments described below (the surface treatment and cutting), the film was moved at a 
speed of about 87.0 m/min, corresponding to about 95% of the speed of the film during the heat setting. 

30 

Treating the surface of the film 



Mechanical treatment 

35 

Sand-blasting 

The film was passed through a sand-blasting channel constructed by applicants, wherein the film was 
40 bombarded with fine glass spheres of a diameter of 45 am. This treatment resulted in a more rough surface 
of the film and furthermore a further splitting of the film in the direction of the film movement. 

Prof nation of the fiim surface 

45 

The surface of the film was made profiled with a wave structure in the longitudinal direction by pressing 
a heated cable having a waved surface (having 100 waves per 10 cm) against the film. The pressure 
created by the rollers on the film was gradually increased, after which the pressure was released and the 
cable was removed. This procedure is also known as the stuff erbox technique. 

50 

Chemical treatment 



55 
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Treatment with a surfactant 



The surfactant was added to the film when it was passed through a pair of lubricant application (lick) 
rollers, and the amount oi surfactant to be deposited on the film was regulated by the speed of rotation of 
5 the rollers. In Table I below the actual amount and the composition of the surfactant is stated for each of the 
fibre variants. 



Electrical treatment 



The film was subjected to a strong electric cfischarge by passage under an electrode of the type 
Vetaphone T1200. The voltage of the electrode was about 25 KV and 30 KHz (12 KW). This electnc 
treatment is also known as a corona treatment. 



Cutting the film 

The cutting of the fiinr was performed by passing the film tangentially over a wheel of a diameter of 468 
mm on which knives were placed radially. The film was pressed against the knives by a roller-derived 
20 pressure. The lengths ci the resulting fibres were equal to the distance between the radially placed knives. 

Different types of I ties were prepared in accordance with the at)ove described methods. Each type of 
fibre Is designated so that its composition as well as its preparation characteristics appear from its 
designation. As an acoreviaiion for polypropylene, PP is used. The characteristics off each of the fibre 
variants are stated teicw 



55 



TABLE I 



FIBRE VARIANTS 
Fibre consisting of PP (.anart A) 
Composition: 

99.74% ol poiyp-foc/ton ot me type Propathene QWE 23, supplied by ICi. ff^FI = 2.5g/10 min. at 2.16 
kg/230 C. (MFI is trv? Me i Fluid Index as determined in accordance with the standard ISO 1 133. 

A mixture of Doiyrrrcone. UV stabilizer and antioxidant off the ffollowing composition was prepared* 
8% Chimnaso'b 344 
12% Irganoxe B50i 
80% polypropylene. 
45 the Irganox^) B50i c^ft:>>:»iiiig oi 
25% lrganox^5• 1425 
25% polyethylene i«%d- 
50% Irgafox 168 

The percentages statoo a^-ove are weight percentages. 
50 i.3*^'o of this mi;<ture -.as added to the polypropylene resulting in a total amount of the UV stabilizer and 
antioxidant off 0.26*. oy -^c-ght based on the total weight off the composition. 



Stretch ratio: 
1:17 
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Fibre length: 
6 mm 
5 Surface treatment: 



Chemical: 

The film was treated with a liquid surfactant composed of AMOA P 231 and Cithrol A. the volume ratio 
of the two components being 1:3. The liquid was diluted 10 times with common tap water. 

The diluted liquid was supplied to the film as described above, resulting in a degree of application of 
about 10%. calculated by weight of the film. 



Electrical: 

The film was subjected to a corona treatment as described above. 



Fibre consisting of PP/chaik with a stretch ratio of 1:12 (Variant B12) 



Composition: 

25 

25% of masterbatch chalk Fulllne PIVIB-F/301 supplied by Plastigran (being of a composition of 70% 
chalk and 30% polypropylene). 

74,74% polypropylene (Propathene GWE 23). 

UV stabilizer and antioxidant as described for the PP fibre. 

30 

Stretch ratio: 
1:12 

35 

Fibre length: 
6 mm 
40 Surface treatment: 

As the PP fibre * 

Corresponding fibre variants were prepared. diNering from the above stated characteristics as described 
45 below: 

Fibre consisting of PP/chalk with a stretch ratio of 1:17 (variant B17) 

Fibre consisting of PP/chalk with a stretch ratio of 1:17 and having been subjected to sand blasting (variant 
81 78). 

Fibre consisting of PP/chalk with a stretch ratio of 1:17 and having been subjected to sand blasting and 
50 probation (variant B17SP). 

Fibre consisting of PP/chalk with a stretch ratio of 1 :20 (variant 820). 



Fibre consisting of PP/Ba2S04 (Variant C) 

55 
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Composition: 

20^0 masterbatch bariumsuffate Fuliine PMB-F 401 BF supplied by Ptastigran (being of a composition of 
70% bariumsulfate and 30% polypropylene) 
5 79.74% polypropylene Propathene GWE 23. 

UV stabilizer and antioxidant as described for the PP fibre. 



Stretch ratio: 

10 

1:17 

Fibre length: 
IS 6 mm 

Surface treatment: 
As the PP fibre 

20 

Special fibre consistino of PP/challc (Variant D) 



25 Composition: 

25% masterbatch chalk FuIline P!y4B-F'30l (being of a composition of 70% chalk and 30% poly- 
propylene) 

74.74% polypropylene Propathene GWE 23. 
30 UV stabilizer and antioxidant as described for the PP fibre 



Stretch ratio: 
25 1:17 

Fibre length: 
6 mm 

40 

Surface treatment: 



Mechanical: 

45 

Sand blasting as described above. 



Chemical: 

so 

The film was treated with a surfactant composed of SW-T. Nissin Kagaku Kenkyosho Ltd.. diluted with 
water, the volume ratio of surfactant and water being 1 :3.a 



55 
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Electrical: 



70 



75 



As described above. 

Each of the film variants (at the stage before cutting) was subjected to a tensile test which was carried 
out on a Zwick-testing nnachine. The tests were canried out so that the length of fixation of the filnn was 
about 200 mm and the rate of deformation was 2 mm/min. The modulus of elasticity was calculated as a 
secant modulus at 0.2. 0.5. and 1.0% elongation, respectively. The ultimate stress was calculated as the 
maximum force divided by the cr6ss>sectlonal area of the film. The ultimate elongation is the elongation at 
maximum force. The mean value resulting from 5 different tests is stated in Table 11 below together with the 
standard deviation and the coefficient of variation. Also the density of each of the film variants is stated: 

The results obtained for the film variants apply for the fibre variants as well owing to the fact that the 
film and the fibres are different forms of the same composition. Therefore, the term fibre has been used in 
the following table. 

TABLE II 



PP FIBRE 



20 



Density 910 kg/m l 



25 



30 







Mean Value 


Standard 


Coefficient 








deviation 


of variation (%} 


Modulus 


0.2% 


15.1 


2.84 


19 


of elastziclty 


0.5% 


12.4 


1.39 


11 


GPa 


1.0% 


10:0 


0.63 


6 


Strength MPa 




429 


55 


13 


Ultimate elon- 










gation % 




7.72 


1.40 


18 



35 



40 



45 



SO 
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PP/CHAUC FIBRE, STRETCH RATIO 1;12 
Density 1030 kg/a ^ 

5 

Mean Value Standard Coefficient 

deviation of variation (%) 





Moduliis 0.2% 


7.01 


2.65 


38 


10 


of elastlclcy 0.5% 


5.94 


1.39 


23 




GPa 1.0% 


5.23 


0.38 


7 




Strength MPa 


299 


29 


10 


15 


Ultimate 










elongation % 


13.27 


0.90 


7 



PP/CHAIK FIBRES. STRETCH RATIO 1:17 

20 

Density 1030 kg/m ^ 



Mean Value Standard Coefficient 

25 

deviation of variation (%) 



30 


Modulus 0.2% 
of elasticity 0.5% 
GPa 1.0% 


8.93 
8.56 
7.39 


2.32 
1.54 
0.89 


26 
18 
12 




Strength MPa 


321 


37 


12 


35 


Ultimate 
elongation % 


7.39 


0.53 


7.: 



1 



40 



45 



PP/CHALK FIBRE, STRETCH RATIO 1:20 
Density 1030 kg/m ^ 



Modulus 0.2% 

of elasticity 0.5% 

GPa 1.0% 

so Strength MPa 

Ultimate 
elongation % 



55 



Mean Value Standard Coefficient 

deviation of variation (%) 



11.60 


2.09 


18 


10.27 ^ 


0.95 


9 


8.62 


0.48 


6 


341 


10 


3 


7.14 


0.38 


5 
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P?/6a2SO^ FIBRE 

Density 960 kg/m ^ 





Mean Value 


Standard 
deviation 


Coefficient 
of variation 


Modulus 0.2% 
of elasticity 0.5% 
GPa 1.0% 


8.39 
9.25 
8.64 


0.86 
0.65 
0.56 


10 

7 

7 


Strength MPa 


263 


73 


28 


Ultimate 
elongation % 


5.94 


1.06 


18 




SPECIAL PP/CHALK FIBRE 




Density 1030 kK/m^ 










Mean Value 


Standard 
deviation 


Coefficient 
of variation 


Modulus 0.2% 
of elasticity 0.5% 
GPa 1.0% 


8.93 
8.56 
7.39 


2.32 
1.54 
0.89 


26 
18 
12 


Strength MPa 


321 


37 


12 



Ultimate 

elongation % 7.39 0.53 7.1 



In accordance with the discussion above, it is evident that the fibres containing particles (all types 
except the PP fibre) possess less desirable properties than the fibres without particles (the PP fibre). Thus, 
the values of the modulus of elasticity and the strength of the PP fibre are significantly higher than the 
values of the corresponding properties of the particle-containing fibres and the ultimate elongation which 
may be defined as the resistance to strain before rupture. 



EXAMPLE 2 

45 

FIBRE-REINFORCED PLATES 



50 Preparation of fibre-reinforced plates by filtration 



A suspension consisting of 109 g of dry matter composed of 
Cellulose stora 61 SB* 50 4% 
Elkem silica 98% 10% 
55 Polyolefin fibres 3% 

Cement {lowall<ali. sulfate resistant) 83% 

and 163 g of water were placed in a filtering apparatus (John l^ansville JM filtration apparatus). The 
percentages stated above are weight percentages, based on the weight of the total dry matter content. The 
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polyolefin fibres are the fibres of Example 1. The water of the suspension was sucked off by a low pressure 
of 0.27 bar. after which the filter cake was placed In a press where It was subjected to a short pressure of 
about 10 IvIPa. The permeability of the material in its unhardened form was determined by means of the 
time of filtration. The time of filtration, i.e. the time of the low pressure treatment, of each of the plate 
preparations was noted. 

After the forming, the plates were hardened in a wetting box for 24 hours followed by hardening under 
water at ambient temperature for 6 days. The plates prepared by the above process were of a length of 
about 203 mm. a width of about 76.5 mm, and a thickness of about 5 mm. 

Mechanical properties of the fibre-reinforced plates 



The mechanical properties of the fibre-reinforced plates were investigated by subjecting the plates to a 
4-point loading test as shown in principle in Fig. 1. 10 plates of each of the variants were tested: five of the 

75 plates were tested in a wet state and the 5 remaining plates were tested in a dry state, which was obtained 
by subjecting the plates to drying for 2 days in an oven of a temperature of 110* C. The stress (a)/strain (*) 
properties of the plates as determined by the 4-point loading test was plotted in a graph which in schematic 
form is illustrated in Fig. 2. The stress/strain values at the point, where the proportionality iDetween the 
stress and the strain changes (o^. «h) as well as the stress/strain values at the point of maximum loading (a„,. 

20 €m) were read. From these values, the modulus of elasticity and the energy of rupture were calculated. The 
modulus of elasticity is defined as the slope of the first linear part of the graph, whereas the energy of 
rupture is defined as the area below the graph up to the maximum loading and is calculated according to 
the formula 



25 W= 1-2 OK*, + OfcU^ - <0 + 1/2{a„ . " €k) 



It must be emphasized that this formula is an approximation, as usually the upper pan of the graph will 
be slightly curved. However, the deviation from the true value will be insignificant as the difference between 
area related to the curved graph and the area related to the straight graph is very small in relation to the 
30 total area. 

The mechanical properties of the fibre-reinforced plates are stated in the table below. As well the mean 
value (hA) as the standard deviation (Dev.) is slated. 

35 
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TABLE IIIA 







FIBRE VARIANT 






A 


C 


D 






wet 


dry 


wet 


dry 


wet 


dry 


Time of 


M 


888 


888 


S3 


53 


18 


18 


filtration 


Dev. 


163 


163 


10 


10 


2 


2 


Density 


M 


1.781 


1.669 


1.698 


1.644 


1.697 


1.864 


g/cm^ 


Dev, 




0.025 


0.020 


0.023 


0.018 


0.01 1 




M 


10,1 


18.2 


9.7 


17.4 


11 .2 


2o. 1 


MPa 


Dev. 


0.8 


3.6 


0.4 


3.1 


1.2 


0.6 


Om 


M 


13.9 


18.2 


13.6 


18.0 


17.3 


23.3 


MPa 


Dev. 


0.8 


3.6 


1.1 


2.8 


1.2 


0.6 




M 


0.69 


0.96 


0.83 


1.18 


0,70 


1.32 


o/oo 


Dev. 


0.09 


0.27 


0.07 


0.30 


0.08 


0.15 


Cm 


M. 


3.09 


1,02 


6.64 


1.52 


6.81 


1.36 


O/OO 


Dev. 


0.98 


0.32 


1.91 


0.28 


2,27 


0.14 


W 10-* Mn/m2 




322.9 


98,3 


717.1 


162.8 


909.0 


161.7 


Modulus of 


M 


15.0 


19.3 


11.8 


15.0 


16.1 , 


17.6 


elasticity GPa 


Dev. 


2.7 


2,0 


1.2 


1.4 


1.4 


1.7 



Fibre variant A = PP fibre 

Fibre variant C = PP/Ba2S04 fibre 

Fibre variant D = Special PP/chalk fibre 
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TABLE IIIB 







FIBRE VARIANT 


B17S 


B17SP 


B20 


wet 


cJry 


wet 


dry 


wet 


drv 


Time of 
filtration 


M 

Dev. 


33 
1 


33 
1 


18 
3 


18 
3 


47 
4 


47 
4 


Density 


M 

Dev. 


1.710 
0.012 


1.673 
0.020 


1.687 

0.007 


1.685 
0.022 


1 .722 
0.010 


0.027 


Ok 

MPa 


M 

Dev. 


9.9 
0.5 


16.2 
1.8 


9.3 
1.2 


20.2 
0.6 


10 4 

0.5 


3.0 


MPa 


M 

Dev. 


13.6 
1.1 


17.1 
1.6 


12.3 

1.6 


20.5 

0.6 


14.4 
0.4 


17.2 
2.0 


o/oo 


Dev. 


0.65 
0.13 


1.29 
0.13 


0.88 
0.08 


1.29 
0.23 


0.91 
0.16 


1.03 
0.20 


O/OO 


M 

Dev. 


5.15 

2.05 


1.51 

0-32 


5.66 

2.51 


1.41 

0.37 


6.20 
2.93 


1.71 
0.36 


W 10-* Mn/m2 




560.9 


141.1 


578.8 


154.7 


703.3 


195.3 


Modulus of 
elasticity GPa 


M 

Dev. 


15.8 
3.8 


12.6 
1.7 


10.6 
1.3 


16.3 
4.0 


11.7 
2.5 


15.6 
0.5 


Rbre variant B17S = PP'chalk fibre with stretch ratio 1:17 and 
Fibre variant B17SP = PP'chalk fibre with stretch ratio 1:17anc 
Rbre variant B20 = PP'chalk fibre with stretch ratio 1:20. 


sandblasted 
1 sandblastei 


d and profilated 
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Fibre-reinforced plates were prepared by extruding a slurry consisting of 
43.5% cement (iowalkali. sulfate resistant) 
20% fly ash 
20% silica 75*^o 
40 14% Woilastonite Nyad C 

1 .0% Mighty© superplaslicizer 
1 .5% polyolefin fibres. 

aiKl^vvater which was added in an amount so as to obtain a water to solid ratio of about 0.09. calculated by 

Th«?.!w^lr^"rK^^^ ^^^'^^ '^^^^^ percentages calculated by weight of the solid part of the slurry 

^Lll". TrJ^ ""^ °' ^^'""'^ 'yP« ""'^s employed in the preparation of the 

plates IS stated in connection with the siatements of the properties of the plates eparaiion ot the 

The plates were prepared as follows: 

The fly ash. silica, polyolefin fibres. Mighty® superplasticizer. and water were thoroughly mixed in a 
,0 m,xer convent.onally used in the baking industry. Cement and Woilastonite were added U resul^Q 
the ZrThr'";. "'""^ '^^'^ components had become totally dispersed in 

Z dTd^rerSr. Plasfc mass was transferred to an extruder (Linden) and was extruded through a 

«at die directly into a rolling mill so as to obtain a thickness of the resulting plates of about 4.5 mm The 
?6 houTrTn?H J" °' ^''"^"^'""^ °' 300 mm x about 600 mm and these were hardTed for 

dfmens.on of SSo mm""'" t-P-ature of 80-C. For laboratory testing, test specimens ol 
tempeXl Thf .tf«„«T T ^""^ ^^'^ '"'^'^'^ ^ storage-humid state at ambient 

so a?^o nhJo ''P«'='7»«"S were subjected to a 4 point loading lest. The test specimens were cut out 

so as to obtain a rupture along the direction of production, and a rupture transversely to the direction of 

16 
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production. The stress-strain properties defined above, i.e. OK.«k and o^.tm, were determined. Also, the 
modulus of elasticity, the energy of rupture, and the density of the plates were determined as described 
above. The results, i.e. the mean value* and the standard deviation, are stated in Table IV below. The results 
of the testing, where the rupture occurs along the direction of production, is designated Al. whereas the 
results of the testing, where the rupture occurs transversely to the direction of production, is designated T. 



TABLE IVA 







FIBRE VARIANT 


A 


B17S 


C 


D 


Al 


T 


Al 


T 


Al 


T 


Al 


T 


Density 
g/cm^ 


M 

Dev. 


2.118 
0.015 


2.081 
0.029 


2.031 
0.141 


2.112 
0.048 


2.106 
0.043 


2.094 
0.031 


2.089 
0.054 


2.157 
0.063 


Ok 

MPa 


M 

Dev. 


17.6 
1.1 


25.2 
1.4 


18.7 
2.3 


32.0 
1.3 


20.1 
1.1 


29.8 
0.7 


15.8 
2.3 


27.5 
0.9 


MPa 


M 

Dev. 


18.1 
1.1 


26.6 
1.1 


18.8 
2.4 


33.3 
0.8 


20.1 
1.1 


29.9 
0.9 


15.9 
2.2 


28.0 
0.9 


o/oo 


M 

Dev. 


0.45 
0.03 


0.63 
0.03 


0.52 
0.08 


0.70 
0.04 


0.41 
0.11 


0.65 
0.05 


0.39 
0.04 


0.59 
0.06 


o/oo 


M 

Dev. 


0.50 
0.04 


0-66 
0.05 


0.54 
0.08 


0.75 
0.06 


0.41 
0.11 


0.68 
0.07 


0.41 
0.04 


0.63 
0.06 


W 10-* Mn/m2 


M 


48.5 


87.0 


52.4 


128.3 


41.2 


105.8 


34.0 


92.3 


Modulus of 
elasticity GPa 


M 

Dev. 


38.9 
1.8 


40.3 
3.3 ^ 


36.5 
6.8 


45.9 
3.7 


51.0 
11.4 


45.7 
3.9 


40.2 
3.1 


47.2 
4.4 


Fibre variant A = PP fibre 

Rbre variant B17S = PP/chalk fibre with stretch ratio 1:17 and sandblasted 
Fibre variant C = PP/Ba2S0* fibre 
Rbre variant D = Special PP/chalk fibre 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



SS 



17 



SOOCID: <EP 0310100A1 J,> 



EP0 310 100 A1 



TABLE IVB 



w 



20 



25 







FIBRE VARIANT 


B17SP 


820 


Ai 


J 


AI 


T 
1 


Density 
g/cm3 


M 

Dev. 


2.103 
0057 


2.076 
0.035 


2 124 
0.032 


0.020 


Ok 

MPa 


M 

Dev. 


196 

1.3 


29.7 
1.3 


19 4 

0.8 


9a ft 
0.8 


MPa 


M 

Dev. 


19.8 
1.2 


29.7 
1.3 


19.5 
0.9 


29.8 
0.8 


O/OO 


M 

Dev. 


0.42 
0.10 


0.70 
0.05 


0.50 
0.11 


0-67 
0.06 


O/OO 


M 

Dev. 


0.46 
0.11 


0.70 
0.05 


0.52 
0.14 


0.67 
0.06 


W 10-* Mn/m2 


M 


49.5 


103.95 


52.4 


99.8 


Modulus of 
elasticity GPa 


M 

Dev. 


48.5 
10.9 


42.7 
2.0 


40-2 


45.1 
4.7 


Fibre variant B17SP = PP chalk fibre with stretch ratio 1:17 i 
sandblasted and profilated 

Fibre variant B20 = PP chalk fibre with stretch ratio 1:20. 


ind 



The results show that the plates containing the particle-containing fibres of the present invention have 
supenor properties regarding elasticity, strength, and strain when compared to plates made with conven- 
tional polypropylene fibres. 



EXAMPLE 3 
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FIXATION OF THE EXTRUDED. UNSTRETCHED POLYOLEFIN FILM IN CEMENT 

The fixation between fibre and matrix is an important parameter in the development of plastic fibres as 
fhl ll^ !°" P'®'^'^"'^''^ possibility of utilising the mechanical properties of the fibres, but at 

the same time, this parameter is very difficult to measure. 

film ITrn'^^h^h""^ k' 'f'l**'*^ ^^^^"^^ P'«s«= ^nd Cement was performed on the extruded, unstretched 
wlr ™ 1 ."^r.^? '""'^ "^"^^^ ^^""P** ' prepared. A pure cement paste (Rapidcement 
T?n.Vf7"' T° ^-^l"^" '° P'"*'' »° 5"^="^ °' '^'^cular steel specimens of 

irfl of h! 7 r ^"'^ ^° ^«sP«^"^ely. The specimens were placed concentrically on either 

^itl lTt^ V^^' °" ^'''^ °' ♦''^ P'^''"'^ 'f^e cement of the respective 

lnllnT^"\^T'^i '° ^^"^ '° '"-^^ specimens were prepared and the cement^f t^e 

specimens was hardened in a wetting box at room temperature. After 7 days. 5 of the specimens were 
taken ou, and placed freely in the laboratory (humidity 50%. temperature 21 ' C) (dry harder^Z and fhe 
others remained m the wetting box (humidity as-lOO'/o. temperature 2^^C) (wet hardening) 
h«o ^„nL!f."'"V°' ^"°**'!.' ^ '^^ properties of each of the polyolefin films were tested. The 

tomue fod I n circular steel specimens were twisted from each other by means of a moment 

torque, and the torsion moment obtained was read. 
The resulting maximum shear stress was 
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max 



U 



in which My is the torque and Wy is the torque reaction. The latter was calculated as follows: 



10 
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a ^ the Inner radius of the smaller steel specimen = 44/2 mm 
b = the inner radius o\ the larger steel specimen = 70/2 mm 

The results q\ the tests of the extruded, unstretched film from which the fibre variants were prepared 
'5 appear from tabic v below. 

TABLE V 



35 



40 



20 


Extruded, unstretched film with the 
composition of 






FIBRE VARIANTS 






A 


B 


C 


25 


VdryMPa 
Tw.iMPa 
Vw.,MPa 


0.163 
0.008 
0.209 
0.007 


0.331 
0.006 
0.314 
0.004 


0.414 
0.009 
0.308 
0.013 


30 


Fibre variant A = PP fibre 
Fibre variant B = PP/chalk fibres 
Fibre variant C = PP/BazSO* fibre 



Tary is the mean vaioc oi maximum shear stress of the 5 test specimens which were hardened partly in 
the wetting bo* ar j part , at ambient conditions in the laboratory. 

Twe, is the moJ.'> ue of maximum shear stress of the 5 test specimens which were hardened solely in 
the wetting be* 

Vo,y and V^. arc- the standard deviation of Tary and twct. respectively. 

It appears »fom trv) rcsutts that the values for films containing particles are systematically better than for 
films without part.res Fjrthermore. the values from the test specimens subjected to dry hardening are 
better than tnosc i-orr soocimens subjected to wet hardening. This is contrary to the results observed with 
the PP fibres (cort3*ring no particles). 
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Claims 
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1. A reinforcing fiore made from polyolefin or polyolefin derivatives, the fibre having a thickness of 10- 
100 urn and cnnta.-n.n- inorganic particles of a size of MO um in an amount of at least 12% by weight, 
calculated on the iota: ficre weight, the particles being embedded in the polyolefin or polyolefin derivative, 
substantially nor^ :f the panicles being exposed at fibre surfaces. 

2. A reinfofcir; f.ore according to claim 1 wherein the inorganic particles constitute at least 15% by 
weight, preferably at icasi 17% by weight, calculated by weight of the total material, 

3. A reinforcino lioie according to claim 1 or 2 wherein the inorganic particles are of a size of 3-5 um. 

4. A reinforcing fibre according to any of claims 1-3. wherein the inorganic particles are selected from 
chalk, talc, sihca. mica, cement, barium sulphate, glass, and a dyeing agent, e.g. Ti02. 
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5. A reinforcing fibre according to any of clarnns 1-4 wherein the poiyoleftn is selected from poty- 
propylene and polyethylene and the polyolefin derivative is an alcohol (a vinyl polymer) preferably polyvinyl 
alcohol or an acrylic acid, or an organic acid anhydride, the polyolefin chains of the polyolefin component 
preferably being oriented substantially unidirectlonally. 
5 6. A reinforcing fibre according to any of claims 1-5 wherein the fibres comprise polypropylene in an 
amount of 83% and chalk in an amount of 17%, calculated by weight, or polypropylene in an amount of 
86% and barium sulphate in an amount of 14%. calculated by weight. 

7. A reinforcing fibre according to any of the preceding claims wherein the thickness of the fibres is at 
the most 100 um. preferably 20-80 urn. and more preferably 35 um. 
10 8. A reinforcing fibre according to any of the preceding claims wherein the width of the fibres is 20-700 
um, preferably 60-300 um. most preferably about 250 um. 

9. A reinforcing fibre according to any of the preceding claims wherein the fibres form a network, the 
length of the individual fibres being shorter than the length of the slits between the fibres. 

10. A reinforcing fibre according to any of the preceding claims wherein the length of substantially all of 
15 the fibres is at the most 15 mm. preferably at the most 6-12 nrim, more preferably at the most 6 mm. 

1 1 . A reinforcing fibre according to any of the preceding claims wherein the surface of the fibres is 
reactive to other chemicals, the fibre surface preferably comprising a surfactant. 

12- A method of preparing the reinforcing fibres of claims 1-11. comprising the following steps: 

- extruding the fibre constituents which are in the form of a plastic mass so as to obtain a film. 
20 - stretching the film to orient the polyolefin chains of the film substantially untdirectionally. 

- fibrillating the stretched film by a knife and/or pin roller. 

- heat treating the stretched film to relax any tensions of the film. 

- treating the surface of the film to modify the surface, and 

- optionally cutting the fibrillated film into pieces of a suitable length so as to obtain the fibre. 

25 13. A method according to claim 12, wherein the plastic mass is extruded as a blown film or as a cast 
film. 

14. A method according to claims 12 or 13, wherein the film is stretched In a ratio of at least 1:6, such 
as at least 1:10. preferably at least 1:15, more preferably 1:17. 

15- A method according to any of claims 12-14. wherein the surface of the fibrillated film Is modified by 
30 heat treatment, andor subjected to chemical niodificatlon, and;or electrical modification. and;or mechanical 
modification. 

16. A method according to claim 15. wherein the chemical modification comprises introduction of OH-. 
COOH- and/or anhydride groups in the polyolefin component, the electrical modification comprises a corona 
discharging treatment, and/or the mechanical modification comprises sand-blasting and/or texturing. 
35 17. A method according to any of claims 12-16, wherein the fibrillated film and/or fibre is treated with a 
surfactant. 

18- A method according to any of claims 12-17. wherein the film and/or the fibrillated film Is cut into 
pieces of a length of at the most 15 mm. preferably at the most 12 mm. most preferably at the most 6 mm. 
19 A fibre-reinforced composite material comprising an inorganic binder and reinforcing fibres accord- 
40 ing to any of the claims 1-11. 

20. A fibre-reinforced composite material according to claim 19 wherein the inorganic binder comprises 
cement such as Portland cement, puzzolane such as fly ash. silica, wollastonite. and/or bentonite. and 
opfionally additionally contains a superplasttfyinp agent, e.g. compounds of sulphonated naphthalene. 
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